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(57) ABSTRACT 

A thin-?lm device includes a ?rst electrical insulator, an 
oxide-semiconductor ?lm formed on the ?rst electrical insu 
lator, and a second electrical insulator formed on the oxide 
semiconductor ?lm, the oxide-semiconductor ?lm de?ning 
an active layer. The oxide-semiconductor ?lm is comprised 
of a ?rst interface layer located at an interface With the ?rst 
electrical insulating insulator, a second interface layer 
located at an interface With the second electrical insulator, 
and a bulk layer other than the ?rst and second interface 
layers. A density of oxygen holes in at least one of the ?rst 
and second interlayer layers is smaller than a density of 
oxygen holes in the bulk layer. 
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THIN-FILM DEVICE AND METHOD OF 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to a thin-?lm device, and a 
method of fabricating the same. 
[0003] 2. Description of the Related Art 
[0004] A transparent electrically conductive ?lm com 
posed of oxide, such as an ITO ?lm composed of compound 
of indium (In), tin (Sn), and oxygen (0), is frequently used 
in a ?at panel display or a photoelectric transfer device, 
since it has a sheet resistance of a feW ohms per a unit area 
even if it has a small thickness such as hundreds of nanom 
eters, and it has high transmittance to visible light. 
[0005] Furthermore, a study to a thin-?lm transistor 
including a channel layer composed of transparent oxide 
semiconductor such as In4GaiZn4O has been recently 
started. Such oxide semiconductor contains highly ionic 
bonds, and is characteriZed by a small difference in electron 
mobility betWeen crystalline state and amorphous state. 
Accordingly, relatively high electron mobility can be 
obtained even in amorphous state. 
[0006] Since an amorphous ?lm of oxide semiconductor 
can be formed at room temperature by carrying out sputter 
ing, a study about a thin-?lm transistor composed of oxide 
semiconductor to be formed on a resin substrate such as a 
PET substrate has been started. 
[0007] For instance, a thin-?lm transistor composed of 
oxide semiconductor is suggested in Japanese Patent Appli 
cation Publication No. 2005-033172 (paragraph 0041), 
Japanese Patent Application Publication No. 2003-179233 
(paragraphs 0014-0016), Japanese Patent Application Pub 
lication No. 2003-86808 (paragraph 0053), Japanese Patent 
Application Publication No. 2003-60170 (paragraph 0037), 
and Japanese Patent Application Publication No. 2006 
502597 (paragraphs 0021-0023). 
[0008] In a thin-?lm transistor composed of oxide semi 
conductor, donor defects caused by oxygen holes existing in 
a semiconductor ?lm, in particular, oxygen holes existing at 
an interface layer betWeen a semiconductor ?lm and an 
electrically insulating ?lm exert much in?uence on electric 
characteristics of the thin-?lm transistor. 
[0009] The above listed Publications are accompanied 
With a problem of insufficient control to oxygen holes 
existing at an interface layer. 
[0010] In particular, Japanese Patent Application Publica 
tion No. 2006-502597 alleges that it is possible to reduce 
oxygen holes by annealing oxide semiconductor at 300 
degrees centigrade or higher in oxidation atmosphere. 
Though such annealing may be effective to reduction in 
oxygen holes existing at an upper surface of an oxide 
semiconductor ?lm, such annealing is not effect to reduction 
in oxygen holes existing at a loWer surface of an oxide 
semiconductor ?lm (that is, a region of oxide semiconductor 
close to an interface betWeen an underlying insulating ?lm 
and oxide semiconductor formed on the underlying insulat 
ing ?lm). This is because such annealing is dif?cult to 
penetrate an oxide-semiconductor ?lm. 
[0011] It may be possible to oxidiZe even a loWer surface 
of an oxide-semiconductor ?lm by carrying out annealing at 
600 degrees centigrade or higher for enhancing penetration 
of oxidation, hoWever, in Which case, there Would be caused 
problems that it is not possible to use a cheap glass substrate 
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as an electrically insulating substrate, and that if a metal ?lm 
exists beloW an oxide-semiconductor ?lm, annealing causes 
metal of Which the metal ?lm is composed to diffuse into the 
oxide-semiconductor ?lm, and resultingly, the oxide-semi 
conductor ?lm is contaminated. 
[0012] Thus, it Was not possible to fabricate a thin-?lm 
transistor composed of oxide semiconductor and having 
desired characteristics suf?ciently applicable to a display 
driver, on a cheap glass substrate With high reproducibility 
and high fabrication yield. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the above-mentioned problems in the 
related art, it is an exemplary object of the present invention 
to provide a thin-?lm device such as a thin-?lm transistor, 
Which is capable of controlling generation of oxygen holes 
at an interface layer, and providing desired characteristics. 
[0014] It is further an exemplary object of the present 
invention to provide a method of fabricating the above 
mentioned thin-?lm device With high reproducibility and 
high fabrication yield. 
[0015] In a ?rst exemplary aspect of the present invention, 
there is provided a thin-?lm device including a ?rst electri 
cal insulator, an oxide-semiconductor ?lm formed on the 
?rst electrical insulator, and a second electrical insulator 
formed on the oxide-semiconductor ?lm, the oxide-semi 
conductor ?lm de?ning an active layer, the oxide-semicon 
ductor ?lm being comprised of a ?rst interface layer located 
at an interface With the ?rst electrical insulating insulator, a 
second interface layer located at an interface With the second 
electrical insulator, and a bulk layer other than the ?rst and 
second interface layers, a density of oxygen holes in at least 
one of the ?rst and second interlayer layers being smaller 
than a density of oxygen holes in the bulk layer. 
[0016] In a second exemplary aspect of the present inven 
tion, there is provided a method of fabricating a thin-?lm 
device, including forming an oxide-semiconductor ?lm on a 
?rst electrical insulator, forming a second electrical insulator 
on the oxide-semiconductor ?lm, the oxide-semiconductor 
?lm de?ning an active layer, the oxide-semiconductor ?lm 
being comprised of a ?rst interface layer located at an 
interface With the ?rst electrical insulating insulator, a 
second interface layer located at an interface With the second 
electrical insulator, and a bulk layer other than the ?rst and 
second interface layers, and oxidiZing the oxide-semicon 
ductor ?lm to render a density of oxygen holes in at least one 
of the ?rst and second interlayer layers smaller than a 
density of oxygen holes in the bulk layer. 
[0017] There is further provided a method of fabricating a 
thin-?lm device, including forming an oxide-semiconductor 
?lm on a ?rst electrical insulator, and forming a second 
electrical insulator on the oxide-semiconductor ?lm, the 
oxide-semiconductor ?lm de?ning an active layer, the 
oxide-semiconductor ?lm being formed by repeatedly car 
rying out formation of an oxide-semiconductor ?lm and 
oxidation to the oxide-semiconductor ?lm, the oxide-semi 
conductor ?lm being comprised of a ?rst interface layer 
located at an interface With the ?rst electrical insulating 
insulator, a second interface layer located at an interface 
With the second electrical insulator, and a bulk layer other 
than the ?rst and second interface layers, a density of oxygen 
holes in at least one of the ?rst and second interlayer layers 
being smaller than a density of oxygen holes in the bulk 
layer. 
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[0018] There is still further provided a method of fabri 
cating a thin-?lm device, including forming an oxide-semi 
conductor ?lm on a ?rst electrical insulator, forming a 
second electrical insulator on the oxide-semiconductor ?lm, 
the oxide-semiconductor ?lm de?ning an active layer, the 
oxide-semiconductor ?lm being formed by repeatedly car 
rying out formation of an oxide-semiconductor ?lm and 
oxidation to the oxide-semiconductor ?lm, and oxidiZing the 
oxide-semiconductor ?lm to render a density of oxygen 
holes in at least one of the ?rst and second interlayer layers 
smaller than a density of oxygen holes in the bulk layer. 
[0019] The above and other objects and advantageous 
features of the present invention Will be made apparent from 
the folloWing description made With reference to the accom 
panying draWings, in Which like reference characters des 
ignate the same or similar parts throughout the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0021] FIG. 2 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0022] FIG. 3 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0023] FIG. 4 is a cross-sectional vieW, each showing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0024] FIG. 5 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0025] FIG. 6 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0026] FIG. 7 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0027] FIG. 8 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the ?rst exemplary embodiment. 
[0028] FIG. 9 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 

[0029] FIG. 10 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 

[0030] FIG. 11 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 

[0031] FIG. 12 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 

[0032] FIG. 13 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 
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[0033] FIG. 14 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the second exemplary embodi 
ment. 
[0034] FIG. 15 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the third exemplary embodiment. 
[0035] FIG. 16 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the third exemplary embodiment. 
[0036] FIG. 17 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the third exemplary embodiment. 
[0037] FIG. 18 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the third exemplary embodiment. 
[0038] FIG. 19 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the third exemplary embodiment. 
[0039] FIG. 20 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the fourth exemplary embodi 
ment. 
[0040] FIG. 21 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the fourth exemplary embodi 
ment. 
[0041] FIG. 22 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the fourth exemplary embodi 
ment. 

[0042] FIG. 23 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the fourth exemplary embodi 
ment. 
[0043] FIG. 24 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating a thin-?lm 
device in accordance With the fourth exemplary embodi 
ment. 
[0044] FIG. 25 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating an oxide 
semiconductor ?lm in accordance With the fourth exemplary 
embodiment. 
[0045] FIG. 26 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating an oxide 
semiconductor ?lm in accordance With the fourth exemplary 
embodiment. 
[0046] FIG. 27 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating an oxide 
semiconductor ?lm in accordance With the fourth exemplary 
embodiment. 
[0047] FIG. 28 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating an oxide 
semiconductor ?lm in accordance With the fourth exemplary 
embodiment. 
[0048] FIG. 29 is a cross-sectional vieW, each shoWing a 
step to be carried out in a method of fabricating an oxide 
semiconductor ?lm in accordance With the fourth exemplary 
embodiment. 

DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

[0049] Exemplary embodiments in accordance With the 
present invention Will be explained hereinbeloW With refer 
ence to draWings. 

First Exemplary Embodiment 
[0050] FIGS. 1 to 8 are cross-sectional vieWs ofa thin-?lm 
device 100, each shoWing a step to be carried out in a 
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method of fabricating a thin-?lm device 100 in accordance 
With the ?rst exemplary embodiment. 
[0051] A thin-?lm device 100 in the ?rst exemplary 
embodiment is comprised of a bottom gate stagger type 
thin-?lm transistor. 
[0052] Hereinbelow is explained a method of fabricating 
the thin-?lm device 100. 
[0053] First, as illustrated in FIG. 1, a gate metal ?lm is 
formed on an electrically insulating substrate 10, and then, 
the gate metal ?lm is patterned into a gate electrode 11. 
[0054] Then, a gate insulating ?lm 12 as a ?rst electrical 
insulator is formed on the electrically insulating substrate 10 
so as to cover the gate electrode 11 thereWith. 

[0055] Then, as illustrated in FIG. 2, ?rst oxidation 131 is 
applied to the gate insulating ?lm 12 Without exposing a 
device (that is, the electrically insulating substrate 10, the 
gate electrode 11, and the gate insulating ?lm 12) to atmo 
sphere. 
[0056] The ?rst oxidation 131 is comprised of application 
of oxygen plasma, for instance. 
[0057] The ?rst oxidation 131 causes oxygen to be 
adhered to a surface of the gate insulating ?lm 12. This 
ensures that if oxygen de?ciency Were generated at a surface 
of the gate insulating ?lm, 12, it Would be possible to 
remove the oxygen de?ciency. 
[0058] Following the ?rst oxidation 131, as illustrated in 
FIG. 3, an oxide-semiconductor ?lm 14 is formed on the 
gate insulating ?lm 12 Without exposing to atmosphere. 
[0059] As a result, a ?rst interface layer 14A Which is a 
portion of the oxide-semiconductor ?lm 14 located at an 
interface With the gate insulating ?lm 12 is oxidiZed by 
oxygen having been adhered to a surface of the gate insu 
lating ?lm 12. 
[0060] Thus, oxygen hole defect can be reduced in the ?rst 
interface layer 14A as a part of the oxide-semiconductor ?lm 
14. 

[0061] Speci?cally, a density of oxygen holes in the ?rst 
interface layer 14A of the oxide-semiconductor ?lm 14 
becomes smaller than a density of oxygen holes in a bulk 
layer 14B of the oxide-semiconductor ?lm 14. 
[0062] Then, as illustrated in FIG. 4, the oxide-semicon 
ductor ?lm 14 is patterned. 
[0063] Then, as illustrated in FIG. 5, reduction 15 is 
applied to the oxide-semiconductor ?lm 14. For instance, the 
reduction 15 is comprised of application of reducing plasma. 
[0064] As a result, oxygen hole defect is generated at a 
surface 14C of the oxide-semiconductor ?lm 14. 
[0065] Speci?cally, a density of oxygen holes in the sur 
face 14C of the oxide-semiconductor ?lm 14 becomes 
higher than a density of oxygen holes in the bulk layer 14B 
of the oxide-semiconductor ?lm 14. 
[0066] As illustrated in FIG. 6, a source/drain metal ?lm 
is formed so as to entirely cover the gate insulating ?lm 12 
and the oxide-semiconductor ?lm 14 thereWith, and then, the 
source/drain metal ?lm is patterned into source/drain elec 
trodes 16 one of Which is a source electrode and the other is 
a drain electrode. 

[0067] It is preferable that the reduction 15 (see FIG. 5) 
and the subsequent formation of the source/drain metal ?lm 
are carried out successively Without exposing to atmosphere. 
[0068] Then, as illustrated in FIG. 7, second oxidation 132 
is applied to the oxide-semiconductor ?lm 14 through an 
opening 16A formed betWeen the source and drain elec 
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trodes 16. For instance, the second oxidation 132 is com 
prised of application of oxygen plasma. 
[0069] As a result, a second interface layer 14E, that is, a 
portion of the surface 14C (see FIG. 6) of the oxide 
semiconductor ?lm 14, exposed outside through the opening 
16A, is oxidiZed With the result of reduction in oxygen hole 
defects existing at the second interface layer 14E. 
[0070] Thus, a density of oxygen holes in the second 
interface layer 14E of the oxide-semiconductor ?lm 14 
becomes smaller than a density of oxygen holes in the bulk 
layer 14B of the oxide-semiconductor ?lm 14. 
[0071] A portion of the surface 14C (see FIG. 6) of the 
oxide-semiconductor ?lm 14 other than the second interface 
layer 14E, that is, a portion of the oxide-semiconductor ?lm 
14 existing at an interface With the source and drain elec 
trodes 16 de?nes a third interface layer 14D. 
[0072] Then, as illustrated in FIG. 8, there is formed a 
protection insulating ?lm 18 as a second electrical insulator 
so as to cover the source and drain electrodes 16 thereWith 

and further cover the oxide-semiconductor ?lm 14 thereWith 
at the opening 16A formed betWeen the source electrode 16 
and the drain electrode 16. 
[0073] Thus, there is fabricated the thin-?lm device 100. 
[0074] It is preferable that the second oxidation 132 (see 
FIG. 7) and the subsequent formation of the protection 
insulating ?lm 18 are carried out successively Without 
exposing to atmosphere. 
[0075] The ?rst interface layer 14A Which is a portion of 
the oxide-semiconductor ?lm 14 located at an interface With 
the gate insulating ?lm 12 has a density of oxygen holes in 
the range of l><l0l2 cm-3 to l><l0l8 cm-3 both inclusive, for 
instance. 
[0076] The bulk layer 14B Which is a portion of the 
oxide-semiconductor ?lm 14 has a density of oxygen holes 
in the range of l><l0l6 cm'3 to l><l02O cm“3 both inclusive, 
for instance. 
[0077] A density of oxygen holes of each of the ?rst 
interface layer 14A and the bulk layer 14B can be controlled 
by controlling conditions under Which they are formed. 
Speci?cally, if a density of oxygen in atmosphere is 
increased during they are being formed, it Would be possible 
to reduce a density of oxygen holes of them, and if a density 
of oxygen in atmosphere is reduced during they are being 
formed, it Would be possible to increase a density of oxygen 
holes of them. 
[0078] The oxidation 131 illustrated in FIG. 2 makes it 
possible to optimally reduce an electron density in the ?rst 
interface layer 14A, ensuring that the thin-?lm device 100 
can has superior sWitching characteristic, speci?cally, ?ve or 
more columns (l><l04 or greater) in an ON/OFF ratio of a 
drain current. 
[0079] The third interface layer 14D Which is a portion of 
the oxide-semiconductor ?lm 14 located at an interface With 
the source and drain electrodes 16 has a density of oxygen 
holes in the range of l><l0l9 cm-3 to l><l022 cm-3 both 
inclusive, for instance. 
[0080] The second interface layer 14E Which is a portion 
of the oxide-semiconductor ?lm 14 located at an interface 
With the protection insulating ?lm 18 has a density of 
oxygen holes in the range of l><l0l6 cm-3 to l><l02O cm-3 
both inclusive, for instance. 
[0081] A density of oxygen holes of each of the third 
interface layer 14D and the second interface layer 14E can 
be controlled by controlling conditions under Which they are 
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formed. Speci?cally, if a density of oxygen in atmosphere is 
increased during they are being formed, it Would be possible 
to reduce a density of oxygen holes of them, and if a density 
of oxygen in atmosphere is reduced during they are being 
formed, it Would be possible to increase a density of oxygen 
holes of them. 
[0082] The reduction 15 illustrated in FIG. 5 makes it 
possible to optimally increase an electron density in the third 
interface layer 14D, ensuring that the third interface layer 
14D can have functions as an ohmic contact layer. 
[0083] The oxidation 132 illustrated in FIG. 7 makes it 
possible to optimally reduce an electron density in the 
second interface layer 14E, ensuring that an off current 
caused by a back-channel electron current can be effectively 
reduced. 
[0084] In the thin-?lm device 100 including a multi 
layered structure comprised of, in this order, the gate elec 
trode 11, the gate insulating ?lm (?rst electrical insulator) 
12, the oxide-semiconductor ?lm 14, the source and drain 
electrodes 16, and the protection insulating ?lm (second 
electrical insulator) 18, it is possible to control the defect 
(that is, generation of excessive electron donors) caused by 
oxygen holes existing at an interface betWeen the oxide 
semiconductor ?lm 14 and the insulating ?lms 12, 18. 
[0085] That is, it is possible to positively generate oxygen 
holes in a region in Which oxygen holes are required, and 
prevent generation of oxygen holes in a region in Which 
oxygen holes are not required. 
[0086] Speci?cally, it is possible to reduce the defect 
caused by oxygen holes in the ?rst interface layer 14A 
located at an interface With the gate insulating ?lm 12, by 
carrying out the ?rst oxidation 131 illustrated in FIG. 2, and 
then, forming the oxide-semiconductor ?lm 14 as illustrated 
in FIG. 3. That is, a density of oxygen holes in the ?rst 
interface layer 14A can be made smaller than a density of 
oxygen holes in the bulk layer 14B. 
[0087] The reduction 15 illustrated in FIG. 5 positively 
facilitates to generate oxygen hole defect in the surface 14C 
of the oxide-semiconductor ?lm 14 (speci?cally, the third 
interface layer 14D (see FIGS. 7 and 8) Which is a portion 
of the surface 14C located at an interface With the source and 
drain electrodes 16), and causes the thus generated oxygen 
hole defect to act as electron donors to thereby make the 
third interface layer 14D located at an interface With the 
source and drain electrodes 16, become an N-type layer, 
ensuring increased possibility of formation of ohmic contact 
junction. 
[0088] The second oxidation 132 illustrated in FIG. 7 
makes it possible to reduce oxygen hole defect in the second 
interface layer 14E Which is a portion of the surface 14C of 
the oxide-semiconductor ?lm 14 exposed through the open 
ing 16A, ensuring that an off current in the thin-?lm device 
100 can be reduced. 

Second Exemplary Embodiment 

[0089] FIGS. 9 to 14 are cross-sectional vieWs of a thin 
?lm device 200, each shoWing a step to be carried out in a 
method of fabricating a thin-?lm device 200 in accordance 
With the second exemplary embodiment. 
[0090] A thin-?lm device 200 in the second exemplary 
embodiment is comprised of a top gate stagger type thin-?lm 
transistor. 
[0091] HereinbeloW is explained a method of fabricating 
the thin-?lm device 200. 
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[0092] As illustrated in FIG. 9, an underlying insulating 
?lm (?rst electrical insulator) 21 is formed on an electrically 
insulating substrate 10. Then, a source/drain metal ?lm is 
formed on the underlying insulating ?lm 21, and subse 
quently, the source/drain metal ?lm is patterned into source 
and drain electrodes 16 (one of Which is a source electrode, 
and the other is a drain electrode). 
[0093] Then, as illustrated in FIG. 10, ?rst oxidation 131 
is applied to the underlying insulating ?lm 21. 
[0094] The ?rst oxidation 131 is comprised of application 
of oxygen plasma, for instance. 
[0095] The ?rst oxidation 131 causes oxygen to be 
adhered to a surface of the underlying insulating ?lm 21. 
This ensures that if oxygen de?ciency Were generated at a 
surface of the underlying insulating ?lm 21, it Would be 
possible to remove the oxygen de?ciency. 
[0096] Following the ?rst oxidation 131, an oxide-semi 
conductor ?lm 14 is formed on the underlying insulating 
?lm 21 and the source/drain electrodes 16. Then, the oxide 
semiconductor ?lm 14 is patterned into a desired shape, as 
illustrated in FIG. 11. 
[0097] As a result, a ?rst interface layer 14A Which is a 
portion of the oxide-semiconductor ?lm 14 located at an 
interface With the underlying insulating ?lm 21 is oxidiZed 
by oxygen having been adhered to a surface of the under 
lying insulating ?lm 21. 
[0098] Thus, oxygen hole defect can be reduced in the ?rst 
interface layer 14A as a part of the oxide-semiconductor ?lm 
14. 
[0099] Speci?cally, a density of oxygen holes in the ?rst 
interface layer 14A of the oxide-semiconductor ?lm 14 
becomes smaller than a density of oxygen holes in a bulk 
layer 14B of the oxide-semiconductor ?lm 14. 
[0100] It is preferable that the ?rst oxidation 131 illus 
trated in FIG. 10 and the formation of the oxide-semicon 
ductor ?lm 14 are successively carried out Without exposing 
to atmosphere. 
[0101] Then, as illustrated in FIG. 12, second oxidation 
132 is applied to the oxide-semiconductor ?lm 14. For 
instance, the second oxidation 132 is comprised of applica 
tion of oxygen plasma. 
[0102] As a result, a second interface layer 14E, that is, a 
surface 14C of the oxide-semiconductor ?lm 14, is oxidiZed 
With the result of reduction in oxygen hole defects existing 
at the second interface layer 14E. 
[0103] Thus, a density of oxygen holes in the second 
interface layer 14E of the oxide-semiconductor ?lm 14 
becomes smaller than a density of oxygen holes in the bulk 
layer 14B of the oxide-semiconductor ?lm 14. 
[0104] Then, as illustrated in FIG. 13, there is formed a 
gate insulating ?lm 12 as a second electrical insulator so as 
to cover the oxide-semiconductor ?lm 14 and the source and 
drain electrodes 16 thereWith out exposing to atmosphere. 
[0105] Then, as illustrated in FIG. 14, a gate electrode 11 
is formed on the gate insulating ?lm 12. 
[0106] Then, a protection insulating ?lm 18 is formed on 
the gate insulating ?lm 12 so as to cover the gate electrode 
11 thereWith. 
[0107] Thus, there is fabricated the thin-?lm device 200. 
[0108] In the thin-?lm device 200 including a multi 
layered structure comprised of, in this order, the underlying 
insulating ?lm (?rst electrical insulator) 21, the source and 
drain electrodes 16, the oxide-semiconductor ?lm 14, the 
gate insulating ?lm (second electrical insulator) 12, the gate 






















